1. The activity of L-asparaginase was very low in the liver of newborn rats and mice, and increased within a few days of birth. 2. In rats, but not in mice, the enzyme activity was higher in females than in males, was enhanced by administration of oestradiol, and was decreased by gonadectomy. 3. The enzyme activity decreased in mice starved or fed on a low-protein diet; in rats it was enhanced by starvation, by feeding them on a high-protein diet, or by administration of Lasparagine. 4. The asparaginase activity was decreased in regenerating liver, and was almost absent in the Morris hepatoma 5123.
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L-Asparaginase (L-asparagine aminohydrolase, EC 3.5.1.1) has attracted considerable interest, since this enzyme has been used to cure leukaemias and lymphoid tumours in mice and rats (see review by Broome, 1968) . L-Asparaginase activity is present in the liver of various animals (Ohnuma, Bergel & Bray, 1967) and in the serum of guinea pigs (Clementi, 1922) and of a few other species (Holmquist, 1963; Old, Boyse, Campbell & Daria, 1967) . The aim of this investigation was to study the factors that may influence the activity of L-asparaginase in the liver of rats and mice.
The effects of age, of sex and sex hormones, of adrenalectomy and of cortisone, and of the dietary state were studied. Attempts to induce the enzyme were made by administration of asparagine and of aspartic acid. The activity of asparaginase in regenerating liver and in the Morris hepatoma 5123 was also investigated. Determination of L-a8paraginaee activity. The method was derived from that of Ohnuma et al. (1967) . The liver (or pool oflivers in the case ofsmall animals) or the hepatoma was homogenized in ice-cold 0-15M-KCl (1g. oftissue/19 ml. of KCI) in a Potter-Elvehjem homogenizer. The homogenate was centrifuged at 27000g for 15min. at 00, and 0-6ml. ofthe supernatant was added to flasks containing 0-5 ml. of40mM-L-asparagine and 0-9 ml. of 0-1 m-borate buffer, pH8-5, and incubated at 370 for 30min. in air in a Dubnoff shaker. The reaction was stopped with 1 ml. of 10% (w/v) sodium tungstate and 1 ml. of 0-5m-H2SO4, the samples were centrifuged, and the ammonia liberated was determined in samples (0-5ml.) ofthe supernatant by the method of McCullough (1967 for the entire age period considered (6 months), whereas the activity/lOOg. body wt. reached its maximum at 2 months and did not change afterwards. The enzyme activity was higher in female than in male rats from 2 to 6 months of age, but no differences were seen between male and female mice (Table 1) . This led us to investigate the effect of gonadectomy on L-asparaginase activity in the rat. The enzyme activity wnas lowered in ovariectomized females and became close to the values observed in intact males (Table 2) . However, orchiectomy also lowered the asparaginase activity, and consequently a difference remained between ovariectomized and orchiectomized rats, which was significant and similar to the difference observed between intact female and male animals.
EXPERIMENTAL
The administration of oestradiol brought about a significant increase (30%) in the asparaginase activity in the liver of male rats; whereas a less marked deprease (-15%) in the enzyme activity was observed in female rats treated with testosterone propionate. No changes were seen after adrenalectom,y, and the administration of cortisone brpught about only a small, although statistically significant, elevation of the asparaginase activity.
L-Asparaginase activity in regenerating liver and in the Morri8 hepatoma 5123. To ascertain whether the low activity of L-asparaginase observed in the liver of newborn animals was related to the higher mitotic activity, the enzyme activity was determined in the early phases of liver regeneration after partial hepatectomy. The activity was lower in partially hepatectomized rats, compared with their sham-operated controls (Table 3 ). The activity/ 100g. body wt. 24hr. after the operation was about 30% of that of controls, and only a slow increase was observed on the second and third days. The activity observed in sham-operated rats was higher than that in normal rats. This difference could be an effect of the operation, but the possibility of seasonal changes cannot be excluded, since these experiments were performed at a different time of the year.
The enzyme activity of the hepatoma 5123 was very low (about 13% of that of the liver). The asparaginase activity of the liver of tumour-bearing rats was comparable with that of normal animals.
Effect of dietary change8. In rats starvation caused initially a moderate decrease of L-asparaginase activity (Table 4 ), but after 3 days the activity was higher than in normal animals; 598 1969 REGULATION OF L-ASPARAGINASE Effect of L-a4paragine and of L-a4parti acid.
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Experimental conditions were as in Table 1 , and the animals were as in Table 3 . L-Asparagine and L-aspartic acid (neutralized with NaOH) dissolved in 0.85% NaCl were injected intraperitoneally twice a day, each time at the dosage of 100mg. by a slow increase in the activity of asparaginase, which after 16 days was 50 % above the control value (Table 5) . Administration of L-aspartic acid was practically without effect. In mice a small decrease in the enzyme activity followed the administration of asparagine or of aspartic acid.
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The activity of L-asparaginase is very low in the liver of newborn rats and mice, and increases rapidly as the animals grow. Tower, Peters & Curtis (1963) observed a very low asparaginase activity in the serum of newborn and very young guinea pigs, and therefore it is possible that lack of asparaginase at birth is a common feature of several mammalian species. The activity of asparaginase is also very low in the Morris hepatoma 5123, and is decreased in regenerating liver. On the other hand, it has been reported that asparaginase has embryotoxic effects (Adamson & Fabro, 1968) and inhibits mitosis (Becker & Broome, 1967) and RNA polymerase activity (Becker & Broome, 1969) in regenerating liver. It is tempting to correlate these observations, as well as the anti-tumour activity of asparaginase, and to postulate a negative correlation between the activity of this enzyme and tissue growth.
Sex is another physiological factor affecting L-asparaginase. This seems peculiar to rats, since no difference related to sex was observed in the enzyme activity in mouse liver or in guinea-pig serum (Tower et al. 1963) . The higher activity observed in the liver of female rats may be caused by the female hormones, as is shown by the effects of ovariectomy and of administration of oestradiol.
The influence of dietary changes was also different in rats and mice. In mice, the enzyme activity decreased moderately during starvation and protein deficiency. In rats, an increase in asparaginase activity was observed after 3 days of starvation, or with a high-protein diet. Another difference between rats and mice is the response of the enzyme to asparagine and to aspartic acid. Administration of both substances caused a slight decrease in asparaginase activity in mice, whereas asparagine and to a lesser extent aspartic acid administration increased the enzyme activity in rat liver. Thus it seems that the asparaginase activity of rat liver is regulated at least in part by the substrate load, and by the amount of protein (asparagine?) in the diet. This might explain the rise in asparaginase activity that occurs in rats after a period of food deprivation, i.e. when glycogen is exhausted and fat depots are diminished and the animals survive by consuming their own protein. However, the total amount of enzyme, as estimated by the activity/ 100g. initial body wt., is not significantly increased in starved rats. This indicates that the rise in the asparaginase activity per unit weight of liver or per unit oflivernitrogen is not due to increased synthesis of new enzyme, but probably to preferential maintenance of asparaginase during starvation, as has been observed with arginase in the rat (Schimke, Brown & Smallman, 1963) and with xanthine oxidase in the chick (Stirpe & Della Corte, 1965) .
Note added in proof. After this paper had been submitted for publication, we were able to read a report by Patterson & Orr (1969) . These investigators observed that the L-asparaginase activity of rat liver is: (i) lower in foetuses and young rats as compared with adult animals; (ii) decreased during liver regeneration; (iii) slightly decreased in animals fed on asparagine-free diet; (iv) lowered in animals bearing Walker carcinoma, but unchanged in the liver of animals bearing other tumours.
